Three new steroidal saponins and ten known ones were isolated from the bark of Dracaena marginata, along with two known steroidal saponins from the roots. Their structures were elucidated on the basis of extensive 1D and 2D NMR experiments and mass spectrometry as (25R)-26-(β-D-glucopyranosyloxy)-3β,22-dihydroxyfurost-5-en-
Dracaena is a genus of more than 60 species, commonly known as a source of resins called Dragon's Blood in several traditional medicines [1a,b] . This genus used to belong to the Agavaceae family, but according to the APG III classification, it is now placed in the Asparagaceae family, subfamily Nolinoideae [1c] . D. marginata Lam., considered as a synonym of D. reflexa var. angustifolia Baker [2] , is a popular ornamental plant known as a good air cleaner. Dracaena species are rich in steroidal saponins [3a-e] and in cytotoxic and antibacterial flavonoids [3f,g] . This paper reports the isolation from the bark of D. marginata and the spectral analysis of three new steroidal saponins (1-3) ( Figure  1 ). Furthermore, known steroidal saponins were also isolated, and their spectroscopic data were obtained mainly by 2D NMR experiments, (COSY, TOCSY, NOESY, HSQC, HMBC) and FAB-MS. These data were then compared with those published in the literature. From the bark, ten saponins were characterized as alliofuroside A [4a] , (25R)-3β-hydroxyspirost-5-en-1-yl O--Lrhamnopyranosyl-(1→2)--L-arabinopyranoside [3d] and its (25S) isomer, alliospiroside A [3a] , (24S,25S)-3β,24-dihydroxyspirost-5en-1-yl O--L-rhamnopyranosyl-(1→2)--L-arabinopyranoside [4b] and its (25R) isomer, alliospiroside C [4c], (25S)-3βhydroxyspirost-5-en-1-yl O--L-rhamnopyranosyl-(1→2)- ]--L-arabinopyranoside [4d], (24S,25R)-3β,24-dihydroxyspirost-5-en-1-yl
, borassoside E [5] , methylprotoneodioscin [5] , and protoneodioscin [5] .
From the root, two known steroidal saponins were also isolated and identified as (25R)-26-(β-D-glucopyranosyloxy)-3β,22-
Compounds 1-3 were isolated as white, amorphous powders. The monosaccharides obtained by acid hydrolysis of each compound were identified by comparison on TLC with authentic samples as glucose and rhamnose for 1, glucose, arabinose and rhamnose for 2, and arabinose and rhamnose for 3. The absolute configurations of the sugars were D for glucose, and L for rhamnose and arabinose, determined by a GC analytical method previously described [7a] . The relatively large 3 J H-1,H-2 values (6.7-7.8 Hz) of the glucose and arabinose in their pyranose form indicated the  anomeric orientation of glucose, and the  anomeric orientation of arabinose Overlapped signals are reported without designated multiplicity glucopyranosyl moiety (Glc I), and two rhamnopyranosyl moieties (Rha I and Rha II).
The (S)-isomer of a  5,6 -furostane-type skeleton for the aglycon was deduced by the analysis of the 1 H and 13 C NMR spectra (Table 1) . The 25S orientation of the 27-methyl group is deduced by the value > 0.57 in pyridine-d 5 of the difference among the chemical shifts of the geminal protons of the glycosyloxy methylene H 2 -26 (= 0.59) [8a] . In the 13 C NMR spectrum, a classic signal of a free carbon bearing a hydroxyl group at the C-3 position is found at  C 67.7 [8b]. In the 1 H NMR spectrum, the signal of an oxygen bearing methine proton at  H 3.63 (dd, J = 10.9, 4.0 Hz) remained. The cross-peak in the COSY spectrum between  H 3.63 (dd, J = 10.9, 4.0 Hz) and H-2 at  H 2.30 (q, J = 11.4 Hz) and the HMBC correlation between  H 1.32 (s) (H 3 -19) and  C 84.0, revealed the location of this secondary alcoholic function at the C-1 position.
The downfield shift to  C 84.0 of the C-1 suggested a glycosidic linkage. The HMBC correlation at  H 4.88 (d, J = 7.4 Hz) (GlcI-1) /  C 84.0 (C-1) and the NOESY correlation at  H 4.88 (d, J = 7.4 Hz) (GlcI-1) /  H 3.63 (dd, J = 10.9, 4.0 Hz) (H-1) confirmed the glycosidic linkage of the GlcI at the C-1 position of the aglycon. The NOESY cross-peaks at  H 6.18 (brs) (RhaI-1) /  H 3.85 (t, J = 8.3 Hz) (GlcI-2), and those at  H 6.16 (brs) (RhaII-1) /  H 4.06 (GlcI-4), proved the (12) linkage between RhaI and GlcI, and the (14) linkage between RhaII and GlcI, respectively. On the basis of the above results, the structure of 1 was elucidated as (25S)-
The HR-ESI-MS of compound 2 gave a quasimolecular ion peak at m/z 991.4191 [M + Na] + (calcd for 991.4184), consistent with the molecular formula C 44 H 72 O 21 S. Its negative-ion FABMS displayed a quasimolecular ion peak at m/z 967 [M-H] -, indicating a molecular weight of 968. The 2D-NMR data of 2 were compared with those of 1, and the aglycon part was the same (Table 1 ). The differences were located in the oligosaccharidic moiety linked at the C-1 position. By 2D NMR analyses, units of one -arabinopyranosyl (Ara) and one -rhamnopyranosyl (RhaI) were identified ( Table 1 ). The HMBC correlation at  H 4.52 (d, J = 6.7 Hz) (Ara-1) /  C 83.6 (C-1) and the NOESY correlation at  H 4.52 (d, J = 6.7 Hz) (Ara-1) /  H 3.59 (dd, J = 11.6, 3.3 Hz) (H-1) confirmed the glycosidic linkage of the Ara at the C-1 position of the aglycon. The HMBC cross-peak at  H 6.11 (brs) (RhaI-1) /  C 75.5 (Ara-2), and the NOESY cross-peaks at  H 6.11 (brs) (RhaI-1) /  H 4.39 (Ara-2), proved the ( (Table 1) showed characteristic signals of a (S)-isomer derivative of a  5,6spirostane-type skeleton: Two angular methyl groups at  H 0.72 (s) (H 3 -18) and 1.31 (s) (H 3 -19), two olefinic carbon signals at  C 138.9 (C-5) and 124.6 (C-6), and five characteristic carbon signals of a Fring in a 22(R),25(S) form at  C 109.6 (C-22), 26.0 (C-23), 25.7 (C-24), 27.0 (C-25), 64.7 (C-26), 15.9 (C-27) [8c]. In the 1 H NMR spectrum, two oxygen bearing methine protons at  H 3.60 (dd, J = 11.7, 3.1 Hz) and  H 3.74 remained. After comparison of the NMR signals with those of the aglycons of compounds 1 and 2, the same molecule appeared with an A-ring hydroxylated at C-1 and C-3, but with an F-ring as a spirostane instead of the furostane form of 1 and 2. This aglycon was identified as 1,3β-dihydroxyspirost-5-ene, named ruscogenin [3a] . The structure of the saccharidic part of the molecule was established by HMBC and NOESY experiments and was the same as that of compound 2. The linkage between the sugar chain and the aglycon was deduced by the HMBC correlation at  H 4.52 (d, J = 7.8 Hz) (Ara-1) /  C 83.6 (C-1) and the NOESY crosspeak at  H 4.52 (d, J = 7.8 Hz) (Ara-1) /  H 3.60 (dd, J = 11.7, 3.1 Hz) (H-1). On the basis of the above results, the structure of 3 was elucidated as (25S)-3β-hydroxyspirost-5-en-1-yl O--L-rhamnopyranosyl-(1→2)-4-O-sulfo--L-arabinopyranoside. The (25R) isomer was previously isolated from the fresh stem of Dracaena angustifolia, but this is the first NMR description of the (25S) isomer [3a] .
Three saponins were chosen for cytotoxicity bioassay: (25R)-3βhydroxyspirost-5-en-1-yl O--L-rhamnopyranosyl-(1→2)--Larabinopyranoside and its (25S) isomer, and protoneodioscin. The method was based upon a colorimetric XTT assay [9] against a human cancer cell line (colorectal SW480), and a mouse cancer cell line (mammary EMT6). Protoneodioscin showed moderate cytoxicity with IC 50 values of 14.3 M against SW480 and 8.6 M against EMT6. (25R)-3β-hydroxyspirost-5-en-1-yl O--Lrhamnopyranosyl-(1→2)--L-arabinopyranoside and its (25S) isomer were considered inactive on both cell lines (IC 50 > 30 M).
The presence of a linkage at the C-1 position of the aglycon may be responsible for the low cytotoxicity. The IC 50 value of the positive control, doxorubicin, was 1.47 M (SW480) and 9.21 M (EMT6). The spray reagent for saponins was vanillin reagent (1% vanillin in EtOH-H 2 SO 4 , 50:1).
Experimental

Plant material:
Dracaena marginata was purchased in 2010 from Jardiland® (Dijon, France). A voucher specimen (No. 26102012) was deposited in the herbarium of the Laboratory of Pharmacognosy, Burgundy University, Dijon, France.
Extraction and isolation:
Dried powdered barks of D. marginata (100 g) were refluxed 3 times with EtOH-H 2 O (7/3, 3 x 2 L) for 1 h. After evaporation of the solvent in vacuo, 15 g of the resulting extract (37 g) was fractionated by VLC (silica gel, CHCl 3 -MeOH−H 2 O, 100/0/0, 70/30/5, 60/32/7, 0/0/100), yielding 7 fractions (F1-F7). F2 (800 mg) was fractionated by MPLC on silica gel (CHCl 3 -MeOH-H 2 O 80/20/2) to give borassoside E [5] . [4b] (8 mg), and alliofuroside A [4a] (8 mg). Fractions F4 (500 mg), F5 (400 mg) and F6 (500 mg) were fractionated by successive MPLC on silica gel using (CHCl 3 -MeOH-H 2 O 70/30/5, 60/32/7) to give compound 1 (13 mg), methylprotoneodioscin [5] (10 mg), and protoneodioscin [5] (50 mg) for F4, compound 3 (8 mg) for F5, and compound 2 (6 mg) for F6. Dried powdered roots of D. marginata (50 g) were refluxed 3 times with EtOH-H 2 O (7/3, 3 x 2 L) for 1 h. After evaporation of the solvent in vacuo, 10 g of the resulting extract (15 g 
